Abstract: If a system mixes too slowly, putting a hole in it can completely destroy the richness of the dynamics. Here we study this instability for a class of intermittent maps with a family of slowly mixing measures. We show that there are three regimes: (1) standard hyperbolic-like behavior where the rate of mixing is faster than the rate of escape through the hole, there is a unique limiting absolutely continuous conditionally invariant measure (accim) and there is a complete thermodynamic description of the dynamics on the survivor set; (2) an intermediate regime, where the rate of mixing and escape through the hole coincide, limiting accims exist, but much of the thermodynamic picture breaks down; (3) a subexponentially mixing regime where the slow mixing means that mass simply accumulates on the parabolic fixed point. We give a complete picture of the transitions and stability properties (in the size of the hole and as we move through the family) in this class of open systems. In particular, we are able to recover a form of stability in the third regime above via the dynamics on the survivor set, even when no limiting accim exists.
Introduction and Statement of Results
Dynamical systems with holes are examples of systems in which the domain is not invariant under the dynamics. Such systems arise in a variety of contexts: For example, in the study of non-attracting invariant sets, as well as in non-equilibrium dynamical systems, in which mass or energy is allowed to enter or escape. In this latter context, a system with a hole can be viewed as a component of a much larger system of interacting components.
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Examples of such studies include metastable states [KL2,GHW,BV,DoW], coherent sets in nonautonomous systems [FrP] , and diffusion in extended systems [DGKK] .
To date, systems with holes have been studied principally in situations in which the rate of mixing of the closed system (before the introduction of the hole) is exponential and therefore the rate of escape from the system is also exponential. In all these papers, the main focus is the existence and physical properties of conditionally invariant measures, which describe the limiting distribution of mass conditioned on non-escape. Given a dynamical system, (T, X, B), one identifies a measurable set H ∈ B and studies the open system,T :X → X , whereX = X \H . The n-step survivor sets are defined byX n = n i=0 T −i (X ), which correspond to the non-invariant domains of the iterates of the map,T n = T n |X n .
A measure μ on X is called conditionally invariant if
If we set μ(X 1 ) = λ, the relation above can be iterated to obtainT n * μ(A) = λ n μ(A), so that a conditionally invariant measure necessarily predicts an exponential rate of decay of mass from the open system. Unfortunately, under quite general conditions, uncountably many such measures exist for any eigenvalue λ ∈ (0, 1), even if one restricts to measures absolutely continuous with respect to a given reference measure [DY] , so existence questions are meaningless.
In order to obtain a physically relevant measure, one fixes a reference measure m and focuses on the existence and properties of limiting distributions obtained by pushing forward m and conditioning on non-escape, i.e., studying limit points of the sequence
. For systems with exponential rates of escape, such limiting distributions are often conditionally invariant measures that describe the limiting dynamics with respect to a large class of reference measures and enjoy many of the properties that equilibrium measures enjoy in closed systems. Moreover, in many cases the eigenvalue λ associated with such measures describes the exponential rate of escape from the open system with respect to m,
Such limiting distributions have been constructed for all the specific systems listed above, under some assumptions on the size or geometry of the holes. Recently, there has been interest in open systems exhibiting subexponential rates of escape [DG,APT,DR,FMS,KM] , and in particular their relation to slowly mixing systems from non-equilibrium statistical mechanics [Ya] . Such open systems exhibit qualitatively different behavior from systems with exponential escape rates. For example, conditionally invariant measures no longer have a physical interpretation as limiting distributions (although arbitrarily many still exist) and limit points ofT n * m m (X n ) are typically singular (with respect to m) invariant measures supported onX ∞ := ∞ i=0 T −i (X \H ), the set of points which never enter the hole [DF] . From the point of view of limiting distributions, systems with subexponential rates of escape are unstable with respect to leaks in the system.
